A limited number of acute whole body vibration (WBV) studies have investigated the effects of WBV treatments which were applied with different vibration frequencies and amplitude combinations on lower extremity muscle activation of well-trained athletes from different sports branches. To compare the effects of WBV on lower extremity muscle activation via Surface Electromyography (sEMG) of well-trained athletes from different sports branches (soccer, basketball and swimming) during static and dynamic squat exercises. sEMG activities of Tibialis Anterior (TA), Gastrocnemius Medialis (GM), Vastus Medialis (VM), Rectus Femoris (RF), Vastus Lateralis (VL) and Biceps Femoris (BF) muscles of 7 male soccer players, 7 male basketball players, and 6 male swimmers were recorded during WBV applied in static squat and dynamic squat positions with different frequencies (30-35-40 Hz) and amplitude (2-4 mm) combinations separated from each other by 5 min passive rest periods. Each combination was applied for 30 sec. The highest muscle activation was determined in TA of the swimmers compared to soccer players during static squat with 4mm-30Hz WBV application (p=0.027). The lowest muscle activation was also determined in VL of the swimmers compared to soccer players during static squat with 2mm-40Hz WBV (p=0.049). During dynamic squat with 4mm-40Hz WBV, the highest muscle activity was determined in RF of the basketball players compared to swimmers (p=0.030). However, dynamic squat with 2mm-40Hz WBV application gave rise to the lowest muscle activation in VL of the basketball players compared to soccer players (p=0.042). Well-trained athletes from different sports branches demonstrated different neuromuscular responses to acute WBV treatments. WBV during dynamic squatting which was applied with 4mm-40 Hz may be more beneficial in enhancing neuromuscular performance acutely for well-trained male athletes since it resulted in higher levels of muscular activation responses according to the present study.
Introduction
Strength development is the vital factor not only for performance enhancement of athletes, but also for the prevention of sports injuries. Athletes and coaches have performed strength training by using traditional methods including free weights, machines, plyometric drills, and isokinetic devices. However, new training methods or techniques which require less time and are easier to perform have supplanted these traditional methods (Fernandez-Rio et al., 2010) . For the last decade, it has been reported that one of the most popular new training methods is vibration stimulation which is a mechanical stimulus characterized by an oscillatory motion.
In literature, there are a lot of investigations about the beneficial effects of vibration on muscular performance through a neural adaptation (Bosco et al., 1998; Delecluse et al., 2003; Verschueren et al., 2004a; Roelants et al., 2004; Torvinen et al., 2002; Torvinen et al., 2003; Verschueren et al., 2004b) . However, there is no consensus about the mechanism of the vibratory stimulus, and it is possible that the mechanism may be explained by vibration stimulation affecting motor neuron excitability, and/or fast twitch fibre recruitment (Rittweger et al., 2000) . It is known that this adaptation is similar to resistance training (Bosco et al., 1998; Delecluse et al., 2003; Aagaard et al., 2002; Bosco et al., 2000) . When
An important factor affecting results of WBV treatments may be training status and experience in sports of the subjects. While some researchers have argued that WBV treatments have no positive effects in enhancing neuromuscular performance of well-trained athletes due to their already having highly developed muscular characteristics, such as high levels of reflex sensitivity, fast-twitch fibre recruitment, motor neuron excitability, and stiffer muscle-tendon units (Delecluse et al., 2005; Bullock et al., 2008) , others have suggested that WBV exercise enhances neuromuscular performance of well-trained athletes safely and effectively (Cardinale and Erskine, 2008; George et al., 26; Dallas and Kirialanis, 2013) .
Many studies can be found in the literature which are conducted on well-trained athletes competing in different sports branches (Delecluse et al., 2005; Annio et al., 2007; Cochrane and Hawke, 2007; Cochrane and Stannard, 2005; Fagnani eta al., 2006; Kinser et al., 2008; Mahieu et al., 2006) . The sample groups of these studies consisted of well-trained volleyball players, basketball players, track and field athletes, soccer players (Padulo et al., 2014) , sprinters (Delecluse et al., 2005) , ballet dancers (Annio et al., 2007) , gymnasts (Kinser et al., 2008) , skiers (Mahieu et al., 2006) , hockey players (Cochrane and Stannard, 2005) and climbers (Cochrane and Hawke, 2007) . These investigations have shown that WBV improves sports performance.
There are only two studies focusing on WBV effects on sports performance of swimmers. One of them showed that upper-body vibration applied to master swimmers was an alternative method to warm-up exercises (Nepocatych et al., 2010) . The other reported that vibration was not an effective method to improve range of motion of well-trained women synchronised swimmers .
It is known that swimming is a non-weight-bearing sport. Because of this speciality, swimming differs from weight-bearing sports such as soccer and basketball. Athletes from weight-bearing sports are already adapted to training and competing under the influence of gravitational forces.
In view of this point, we aimed to investigate the acute effects of WBV treatments on neuromuscular activity with different frequencies and amplitude combinations during unloaded static and dynamic squat exercises of well-trained male athletes competing in basketball, soccer and swimming by using the sEMG method.
We hypothesized that well-trained athletes specialized in basketball, soccer and swimming may show different neuromuscular responses to WBV treatments at the same frequencies and amplitudes during unloaded static and dynamic squat exercises.
Method
All testing procedures were performed in the Movement and Motor Control Laboratory of the Sport Sciences Faculty of Anadolu University and all testing evaluations were conducted at similar times of the day (14:00 -17:00) to avoid any possible biased study results due to diurnal variation. In order to examine the effects of WBV on muscular activities of athletes, the sEMG activity of six leg muscles -TA, GM, VM, RF, VL and BF-were analyzed. Participants were assigned to receive different WBVs in a randomized order to avoid order effect on study results.
Subjects
Twenty well-trained male athletes (7 soccer players, 7 basketball players and 6 swimmers) having no injuries, previous neurological irregularities or contraindications to WBV were recruited as participants. Demographic characteristics of the participants are presented in Table 1. prior to the testing session. All participants were informed about the procedures, purpose, and risks of the study. Then, they signed an informed written consent approved by the Medical Ethics Committee of the Medical Faculty of the local university (approval No. 20478486-42) in accordance with the Declaration of Helsinki. All participants completed all phases of the experimental procedure without complaint regarding WBV treatments and sEMG measurements. Table 1 shows that the groups were homogeneous in terms of age, mass, training experience and training volume. 
Positioning Procedure
The body position that each participant used during WBV trials was adjusted in the process of familiarization. According to Ritzmann et al. (2013) the most beneficial static squat knee joint angle for knee extensor muscles is 120° with normal stance conditions (approximate shoulder width) and heels in contact with the platform. Therefore, in the current study, participants stood on the WBV platform in a comfortable static squat position with their knees flexed at 120° measured by manual goniometer (Lafayette Instrument © Model: LA-01135, USA). Then, participants were asked to maintain this static position and directly look towards the wall in front of them to keep the distance from chin to chest throughout the movement. During this position, a hard plastic stick with a special set-up (Figure 1 The smallest adverse effects on the basis of head acceleration and mechanical impedance occur in the body position with small knee flexion angles (26°-30°) during WBV (Abercromby et al., 2007) . Therefore, in the current study, the participants maintained their body position with knee joint angle greater than 30 o during dynamic squatting. Accordingly, participants performed the dynamic squat with a 60° range of motion (ROM) (between 90° and 150°). An obstacle was placed behind the WBV device so that when the participants squatted down to the 90° knee joint angle, their hips made slight contact with this obstacle. The 150° knee joint angle limit was adjusted by the aforementioned set-up that was used in the static squat condition. This special set-up was designed in order to allow participants to perform the dynamic squats within the predetermined ROM. Each participant performed dynamic squat repetitions at a constant pace of 3 s down and 2 s up. This constant pace was counted out loud second by second simultaneously with the time display of the WBV device by one of the researchers (the same researcher for each subject).
Participants were strictly warned not to hold the handles of the WBV device during static and dynamic squats, since possible pulling of the handles of the WBV device during squats could reduce the amount of body weight transferred to the legs. Therefore, participants were asked to keep their elbows at a flexion angle of ~90° and touch the handles of the WBV device slightly with their palms just to maintain their balance. During the WBV treatments a dampening mat was not used and all of the subjects wore athletic socks.
Familiarization Procedure
Prior to the experimental protocol participants performed familiarization trials to acclimate to the body postures, pacing of the dynamic squat and sensation of WBV. Participants were given a demonstration of proper technique for the squat position and were allowed to practice until they performed the squats correctly. They performed several dynamic squats on the WBV device receiving no vibration with a repetition pace of 3 seconds down and 2 seconds up. Afterwards, four 10-second WBV trials (two for static and two for dynamic squats) were performed in randomly chosen frequency-amplitude combinations separated by 1-minute rest intervals.
Surface EMG (sEMG) Recording
sEMG was recorded from TA, GM, VM, RF, VL and BF during maximal voluntary isometric contractions (MVIC), and static and dynamic squats. These muscles were selected because they are primary agonist and antagonist muscles for the static and dynamic squat for lower extremities. Bipolar bar electrodes (99.9% Ag, 10-mm length ⨯ 1-mm width, 10-mm spacing; CMRR: > 80 dB; Trigno™ Wireless DelSys EMG System, Inc., Boston, MA) were applied to lightly abraded, washed skin over the respective muscle belly, parallel to the pennation angle. Each electrode was adhered to skin with soft medical adhesive plaster in case oscillation caused the electrode to drift away from the skin during WBV. sEMG electrode placement for each muscle was done according to European recommendations for the noninvasive assessment of muscles for surface electromyography (Hermens et al., 2000) . The sEMG signal was sampled at 2000 Hz and was preamplified by a gain of 1000 Hz. The sEMG system had a 20-500 Hz frequency band, intraelectrode impedance was 6 kOhm maximum, CMRR (Common Mode Rejection Ratio) was 95 dB and speed of analog-digital converter was 16-bit. A normalization process was performed in order to determine the sEMG values (root-meansquare, RMS). sEMG-data processing was performed using MatLab software (MathWorks R2011a). The sEMG signals were band-pass filtered (20-450 Hz) and smoothed using RMS and a 100-millisecond moving-window function.
sEMG Recording During Maximal Voluntary İsometric Contraction
MVIC is known as the best method for the sEMG normalization process (Burden, 2010) . Therefore, all sEMG signals were normalized to the maximum sEMG signal recorded during MVICs and referred to as percentage of MVIC (%MVIC). The subjects performed 1 trial to figure out the task for the MVIC tests, and thereafter they performed 3 repetitions of 5seconds' duration.
For each MVIC trial, the maximum value obtained from 5 seconds' maximum effort was recorded and the maximum RMS values of 3 MVIC trials were used for the normalization of the sEMG data obtained during the WBV treatments. For each muscle, the average of the 3 trials expressed as %MVIC and was used for data analysis (Begalle et al., 2012; Harput et al., 2014) . During the MVIC tests, subjects were supplied with standardized verbal encouragements to produce maximum effort. A 2-minute rest was given between contractions.
sEMG Recording During the WBV Treatments
The vibration stimulus of the WBV device (Compex ® WINPLATE, Swiss) used in this study consisted of uniform vertical oscillations. Fifteen minutes after the completion of the MVIC assessment protocol, baseline sEMG measurements were recorded on the WBV device during static and dynamic squats while receiving no vibration (0 Hz, 0 mm). Afterwards, participants were randomly exposed to 6 WBV treatments with different frequency and amplitude (2-4 mm) combinations during static and dynamic squat positions (Figure 1) . The sEMG signals were recorded once the participants had taken up the correct position on the WBV platform. Each WBV treatment was 30 s in length. During the first 3-4 seconds, muscle activity was recorded without WBV stimulus. Then, the WBV device was turned on and sEMG was recorded for the next 30 seconds. All data were collected in a single testing session on the dominant leg in a randomized order. In order to eliminate any potential fatigue and/or residual WBV effect on muscles, 5-minute passive rest periods between treatments were provided (Hazell et al., 2007) . Participants were blinded to the WBV frequency and amplitude. Schematic representation of the study design is demonstrated in Figure 1. 
Results

Statistics and Data Analysis
Statistical analyses were performed using the SPSS 20.0 software. Natural-logarithmical (log) transformations were performed on the data in order to meet the assumption of homogeneity of variances between independent groups, and to make the distribution of non-normal data normal (Keene, 1995) . The normality of log-transformed data was checked by Shapiro-Wilk test and kurtosis/skewness values. The homogeneity of variance assumption was checked by Levene's test. Then, parametric statistical tests were performed using log-transformed data.
The contraction types (static-dynamic) performed during WBV and 7 combinations of WBV (0mm-0Hz, 2mm-30Hz, 2mm-35Hz, 2mm-40Hz, 4mm-30Hz, 4mm-35Hz, 4mm-40Hz) constituted the within-subject factors, and different sports branches (soccer, basketball, swimming) constituted the between-subject factors of the study. A 3 ⨯ 2 ⨯ 7 (Sport Branch ⨯ Contraction Type ⨯ WBV) mixed design analysis of variance (ANOVA) was used for each muscle in order to determine the main and interaction effects of each factor on sEMG. Intra-group and inter-group comparisons for simple effects were performed using one-factor within-subject design and one-factor between-subject design ANOVA, respectively, with the post-hoc Fisher's LSD test. Confidence interval adjustment was not performed for multiple pairwise comparisons to avoid loss of statistical power Rønnestad, 2009) (1) BASKETBALL (2) SOCCER (1) SWIMMING (2) BASKETBALL (1) SWIMMING ( The highest muscular activity was determined in TA muscle of the swimmers compared with soccer players during static squatting at 4 mm-30 Hz. However, the lowest muscular activity was determined in TA muscle of the basketball players compared with soccer players during static squatting at 2 mm-35 Hz. During dynamic squatting no statistically significant difference in TA muscle was detected when sports branches were compared with each other (see Table 2 ). During both dynamic and static squatting no statistically significant difference in GM muscle was detected when sports branches were compared with each other (see Table 3 ). During both dynamic and static squatting no statistically significant difference in VM muscle was detected when sports branches were compared with each other (see Table 4 ).
The highest muscular activity was determined in VL muscle of the basketball players compared with soccer players during static squatting at 4 mm-40 Hz. However, the lowest muscular activity was determined in VL muscle of the swimmers compared with soccer players during static squatting at 2 mm-40 Hz. During dynamic squatting the highest muscular activity was determined in VL muscle of the basketball players compared with swimmers at 4 mm-40 Hz. However, the lowest muscular activity was determined in VL muscle of the basketball players compared with soccer players during static squatting at 2 mm-40 Hz (see Table 5 ).
During both dynamic and static squatting no statistically significant difference in BF muscle was detected when sports branches were compared with each other (see Table 6 ). During both dynamic and static squatting no statistically significant difference in BF muscle was detected when sports branches were compared with each other (see Table7) . Table 3 . Statistical analysis for GM during all treatments.
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Discussion
This may be the first study that focuses on WBV-induced increases in activity of the leg muscles during unloaded static and dynamic squat applied in different WBV load combinations on high level athletes from different sports branches. We concluded that the results obtained from the present study are reliable due to the fact that the groups were homogeneous in terms of age, mass, training experience and training volume. This issue is very important in the field of WBV studies. However, and Ronnestad (2009) reported that elite athletes show greater increases in force output, muscle sensitivity to stimulus and balance after WBV treatments. On the other hand, suggested that acute WBV may impair balance and landing stability amongst amateur soccer players due to fatigue induced by WBV treatments. In addition, Ronnestad et al. (2016) identified improved sprint performance related to perceived improvement in feeling of well-being in the legs following acute WBV in elite ice hockey players. If the athletes in the present study had shown different age, mass, training experience and training volume characteristics, the results obtained from this study could have been different.
The main findings of this study are; a) During static squat the highest muscle activation was determined in TA muscle of the swimmers compared to soccer players with 4mm-30Hz WBV application (%Δ=76.6, p=0.027, d=1.32). b) The lowest muscle activation was determined in VL muscle of swimmers compared to soccer players during static squat with 2mm-40Hz WBV (%Δ=30.9, p=0.049, d=1.14 c). During dynamic squat with 4mm-40Hz WBV, the highest muscle activity was determined in RF muscle of the basketball players compared to swimmers (%Δ=108.3, p=0.030, d=1.29) . During dynamic squat with 2mm-40Hz WBV application the lowest muscle activation was determined in VL muscle of the swimmers compared to soccer players (%Δ=37.9, p=0.042, d=1.25).
In this study, the biggest muscle activation was determined in GM muscle of the basketball players compared to swimmers during dynamic squatting with 4mm-40Hz WBV treatment. However, this value does not differ statistically from other determined higher muscular activity also detected during dynamic squatting with 4mm-40Hz WBV application in RF muscle of the basketball players in comparison with swimmers. According to this determination, we concluded that during dynamic squatting, WBV with higher amplitudes and higher frequencies (4mm-40 Hz) may be more suitable in activating the leg muscles in comparison with WBV which is applied during static squatting with higher amplitudes and higher frequencies (4mm-30 Hz, in TA muscle of the swimmers). According to these results it can be said that the WBV stimulus resulted in statistically significant differences among different sports branches.
TA muscle had the biggest neuromuscular response to WBV in comparison to the other muscles during static squat position in swimmers and basketball players. According to this result, it can be said that the increase in EMG activity was very clear in the shank muscle TA proximally located from the vibration device and marginally less pronounced in the distally located thigh muscles. As the ankle and knee joint, soft tissue and bones as well as calf muscles absorbed vibration energy, closer muscles to the vibration stimulus might also have affected the magnitude of neuromuscular responses to WBV exposure (Abercromby et al., 2007; Roelants et al., 2006) . This result is similar to the studies in literature (Ritzmann et al., 2013; Bressel et al., 2010) . So, in this study we present that in muscles closer to the vibration exposure, the vibration stimulus is less absorbed because of muscle and segment stiffness (Mester et al., 1999) .
GM muscle was affected by WBV exercise in dynamic squatting. This result may be explained by the fact that a muscle closer to the WBV source is more receptive to the vibration stimulus (Perchthaler et al., 2015) .
On the other hand, increased muscular activity in TA by depending on WBV applied during static squatting is attributable to the fact that muscles with an increased muscle length or increased degree of preactivation seemed to be most affected by vibration (Roelants et al., 2006) .
According to the literature, it can be assumed that muscle tendon units are stretched during WBV treatments in every WBV oscillation (Cochrane et al., 2009; Ritzmann et al., 2010 ). This stretch mechanism shows frequency-dependent activation of the muscle spindles and thus increased stretch reflex responses detectable in the EMG signal (Ritzmann et al., 2010) . Consequently, it can be assumed that the increases in EMG activity of RF muscle during WBV were caused by the higher number of stretch reflex responses. This unexpected output may result from stimulation of stretch reflex of RF muscle by motoric abilities of basketball players which they performed by jumping on the dominant leg. Accordingly, it can be said that WBV treatments led to motor unit synchronization and motor unit (MU) recruitment thresholds in RF muscle during dynamic squat under WBV exposure because of the mechanism of WBV which stimulates stretch reflex (Roll et al., 1989) .
It was observed that VL muscle was the least affected by WBV treatments during both static and dynamic squat. However, VL muscle is a receptor-bearing muscle. A receptor bearing muscle is more preactivated before the start of vibration, as muscle spindles are more sensitive to vibration during a voluntary contraction compared with a relaxed muscle (Roelants et al., 2006; Roll et al., 1989) .
Another important result of this study is determined as the fact that higher amplitudes and frequencies of WBV (4mm-40Hz) resulted in the greatest increases in muscle activity, in line with the study of Hazell et al. (2007) . Effectiveness of WBV with higher amplitudes and frequencies is also reported by Roelants et al. (2006) and Hazell, Kenno and Jakobi (2010) .
According to the present study, the least muscular activity is observed in soccer players. We could not explain why soccer players were only slightly affected by WBV treatments. This may be caused by the characteristics of soccer or by the soccer players who were recruited for this study.
We did not determine leg muscle mass and muscle cross sectional area (CSA) of the subjects. Results of the present study may have affected leg muscle mass and CSA of the subjects. In future studies, researchers should keep in mind these parameters.
In conclusion, this may be the first study to identify static and dynamic sEMG activity of well-trained athletes from different sports during WBV treatments. Well-trained athletes from different sports branches had statistically different neuromuscular responses to WBV treatments during static and dynamic squat. It can be said that WBV treatments are an effective way to improve acute muscular activation of well-trained athletes. However, the effectiveness of WBV treatments depend on target muscle, static or dynamic muscle contractions and frequency-amplitude combinations. Trainers or athletes should determine their WBV training loads according to target muscle. Finally, the main output of our study is that well-trained male athletes who aim to improve muscular activation should choose dynamic squat instead of static squat. In addition to this, WBV with higher amplitude and frequency is more effective in increasing lower body muscle activity. For future investigations, scientists can focus on the acute or chronic responses to WBV treatments of well-trained and untrained subjects from different sports branches.
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